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Laboratory and field evaluations were carried out during 1993 and 1994 to 
determine the effects of soil insecticide application rates on the biologies of 
northern and western com rootworms, Diabrotica barberi Smith and Lawrence, 
and Diabrotica virgifera virgifera LeConte, respectively. Insecticide treatments 
for both studies included labeled (IX) and reduced (0.5 and 0.75X) rates of 
terbufos, tefluthrin, and chlorethoxyfos. 
V 
Field plots were established in dry land continuous com Zea mays L. , fields 
during the 1993 and 1994 growing sea ons near Sinai and Aurora (Brookings Co.) 
South Dakota, respectively to in es ti gate the effects of these treatments on root 
protection sex and species emergence le els and temporal emergence patterns of 
these insects. Mild to moderate levels of rootworm feeding pressure existed in 
stud sites as was e idenced b root injury ratings of 2.7 and 3.7 in control plots 
for 1993 and 1994, respectively. Analyses showed that reduced application rates 
of these compounds are not likely to cause significant reductions in root 
Vl 
protection, increases in total emergence, or shifts in temporal emergence patterns, 
irrespective of sex or species. Contrasts revealed that all insecticides had 
significant impacts on each of these properties in comparison with untreated plots. 
Insecticide applications resulted in highly significant (P = 0.0001) levels of 
rootworm feeding injury suppression when compared with untreated plots. 
Additionally, terbufos treatment caused 47 and 52% reductions in total emergence 
of female D. barberi and male D. v. virgifera, respectively, and significant (P ~ 
0.0236) reductions of female D. v. virgifera were observed following applications 
oftefluthrin and chlorethoxyfos. Although rate responses were not observed, 
emergence of female D. barberi from tefluthrin-treated soil in 1993 was delayed 
by an average of 9.9 d compared with that from untreated control plots. Terbufos, 
tefluthrin, and chlorethoxyfos applications also resulted in significant (P < 0.05) 
lags in the onset of D. v. virgifera emergence during 1994. Rates of emergence per 
unit time were significantly (P < 0.05) more gradual with all insecticides on female 
D. barberi, with terbufos and chlorethoxyfos on male and female D. v. virgifera, 
and with tefluthrin treatment on both sexes of D. barberi. However, application 
rates did not significant! affect any of these parameters. 
Field-collected beetles from emergence study plots were retained in 
laboratory rearing cages and allowed to mate. All successfully-mated, gravid 
females were then isolated to assess fecundity and egg viability. Analyses 
indicated a trend (P = 0.0779) in increased number of eggs per female in D. 
barberi that survived terbufos-treated soil, whereas significantly (P = 0.0323) 
fewer eggs per beetle were collected from D. v. virgifera that survived 1 X-
applications oftefluthrin than from those that emerged out of 0.5X-treated plots. 
This disparity amounted to a 12% reduction in fecundity. 
Vll 
Overall, the results of this project indicated that 0.5 and 0.75X application 
rates of these organophosphate and pyrethroid insecticides will not likely result in 
major impacts on insecticide efficacy, temporal emergence patterns, or the 
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Importance as Corn Pests 
NORTHERN AND WESTERN CORN ROOTWORMS, Diabrotica 
barberi Smith and Lawrence, and D. virgifera virgifera LeConte, respectively, are 
among the most serious com, Zea mays L., insect pests in the north central United 
States. In a typical year, nearly 12-16 million hectares of the North American com 
crop are treated with soil insecticides to control com rootworm larvae (Eichers et 
al. 1978). During years of extensive outbreaks, up to 4 million additional hectares 
are treated aerially to manage adult infestations (Chio et al. 1978). Yield 
reductions resulting from rootworm damage have been estimated as high as 19% 
(Apple 1971 ). The combination of crop losses and insecticide application costs 
attributed to these insects costs growers in the United States nearly $1 billion 
annually (Metcalf 1986). 
History of Corn Rootworm Complex 
The existence of D. barberi in orth America as first recorded in 
Colorado in 1824 (Chiang 1973). Identification as a com pest was first established 
by Charles Valentine Rile in Missouri (1880) and by the mid 1900's, the insect 
had dispersed throughout most of the north central United States (Chiang 1973). 
The occurrence of D. v. virgifera was first recorded in Kansas in 1868 
(Chiang 1973). This species was first observed infesting continuous com in 
Colorado in 1908 (Gillette 1912). Infestations of D. v. virgifera spread eastward 
very quickly during the 1950's, and by 1970, the species was found as far east as 
Illinois and northwest Indiana (Anonymous 1971 ). 
Biology & Life Cycle 
2 
Both D. barberi and D. v. virgifera share similar life cycle patterns and are 
often found cohabiting com fields in the North Central region. Most South Dakota 
com fields are predominated by D. barberi. Their prevalence in South Dakota 
populations has been attributed to superior cold hardiness over that of D. v. 
virgifera (Gustin 1983). Both species are univoltine insects that overwinter in the 
soil as eggs. Typically, eggs hatch in late May through early June, and larvae 
develop through three instars as they feed on com roots. The larval feeding period 
occurs from late June to early July. Early instars feed on root hairs and outer 
cortical tissue whereas older larvae tunnel directly into roots (Howe and Britton 
1970 Chiang 1973). Pupation occurs o er a short period in earthen cells with 
adult emergence beginning in early to mid July peaking in early August and 
continuing until a fall killing frost takes place. 
3 
Damage Characterization 
Adult com rootworm beetles forage on most above-ground portions of the 
com plant and, in high population densities, have the capacity of occasionally 
causing severe damage to reproductive tissues (silks, tassels, and developing 
kernels). In extreme cases, significant reductions in pollination, seed set, and 
kernel development can occur, thus resulting in direct impacts on quantity and 
quality ofharvestable product. Newly-emerged adults can be found feeding upon 
leaves of the com plant (Ball 1957), however, this type of feeding usually results 
in negligible impacts on plant growth and development. Although general 
biologies of these com pests are similar, differences in late-season feeding 
behavior between adult D. barberi and D. v. virgifera have been noted. The latter 
has been found to feed upon young kernels and foliage of the com plant after silks 
have dried, while adult D. barberi commonly leave the com field to feed primarily 
on the pollen of other plants (Ludwig and Hill 197 5). 
The most significant com plant injury inflicted by com rootworms is that 
which results from larvae feeding on root tissue. Larvae of both species are 
oligophagous feeders which prefer the roots of grass plant species e peciall 
those of Z. mays (Branson & Ortman 1971 ). Brace root damage (pruning) causes 
com plants to lodge (tip o er) which often complicates harvest practices. Se ere 
root damage can re ult in ph siological lo ses due to inhibition of the plant's 
ability to assimilate water and nutrients from soil (Reidell 1990, Gavloski et al. 
1992). The impact of feeding damage can be dramatic when accompanied by 
severe moisture stress. 
Control Strategies 
4 
Currently, research is ongoing to develop biological rootworm control 
methodologies. However, cultural and traditional chemical management strategies 
are currently the most viable com rootworm pest management alternatives. 
Biological organisms showing the most potential for efficacy against com 
rootworm larvae are entomopathogenic nematodes in the families 
Heterorhabditidae and Steinemematidae. Species in these groups possess several 
positive characteristics that make them attractive for consideration as biological 
control agents. They are have a broad spectrum insect host range and are non-
infective to invertebrate organisms, are able to achieve rapid mortality, can be 
economically mass-produced, and are presently exempt from EPA registration 
requirement (Gaugler & Kaya 1990, Kaya & Gaugler 1993). Susceptibility of D. 
barberi (Thurston & Yule 1990) and D. v. virgifera (Jackson 1985, Jackson & 
Brooks 1989) larvae to these organisms has been demonstrated in laboratory 
evaluations. Field experiments have produced variable and often negative results 
(Rohrbach 1969 Munson & Helms 1970 Levine 1984 Oleson & Tollefson 1985 
Peters 1986). Howe er Wright et al. (1993 applied Steinernema carpocapsae 
5 
through a center pivot irrigation system following peak rootworm hatch and 
observed comparable root protection to that of terbufos 15G applied at planting 
time. This was one of the first documented, replicated studies to yield positive 
results with these organisms. Success was also noted by Jackson (1996) using 
soil-surface-applied treatment with S. carpocapsae (Mexican strain) and 
Heterorhabditis bacteriophora Poinar (Lewiston strain) after-planting. Albeit, a 
significant amount of research is still needed to determine optimal application rates 
and timing, to identify the most virulent nematode species and strains and the most 
susceptible com rootworm instars, to design formulations most conducive to 
nematode survival, and to make these formulations cost-competitive with existing 
com rootworm management tools. Thus, this technology is not yet ready for 
commercialization. 
Crop rotation (planting of a nonhost crop in alternating years) is the most 
common cultural control practice for managing of com rootworm larvae. There 
are many instances where crop rotation i not a viable alternative due to climatic, 
edaphic economic or federal farm program constraints. Therefore, the grower 
often relies on chemical control. In these cases management altemati es include 
prophylactic application of a planting-time soil insecticide or a cultivation-time 
rescue treatment. Planting-time treatments are usuall applied in an 18-cm swath 
centered o er the row (banded or directed into the open seed furrow (in-furrow) 
6 
to protect roots from larval feeding damage. Liquid or granular rescue treatments 
are often side-dressed and incorporated into soil during cultivation. Peak use of 
soil-applied insecticides occurred during the late 1970's and early 1980's, when 50-
60% of the United States' com-growing area was being treated annually 
(Suguiyama & Carlson 1985). Prophylactic planting-time insecticide treatment 
remains as the most common rootworm management tactic in continuous 
( successive years of same crop) com production in North America. 
Sublethal Insecticide Effects 
Although many compounds provide "acceptable" root protection from com 
rootworm larval feeding injury, several individuals typically survive a planting-
time soil insecticide application. Survivorship may be resultant of no contact with 
the toxicant, insecticide resistance, or exposure to a sublethal dosage. Varied 
insect responses to sublethal insecticide exposure have been noted with respect to 
compound class, insect species tested, and dosage received. Exposure of Aedes 
sollicitans (Walker) to sublethal DDT concentrations resulted in fewer eggs 
oviposited per female (Decoursey and Webster 1952). Georghiou (1965) also 
reported marked reductions in fecundity of Musca domestica L. treated topically 
with sublethal dosages of carbaryl and several other carbamate insecticides. 
Con ersely Esaac et al. ( 1972) observed increased egg production by adult 
Spodoptera littoralis (Boisdu al survi ing sublethal doses of carbaryl and meth 
7 
parathion as larvae. In addition, sublethal exposure to dieldrin resulted in a 7 .6% 
increase in Drosophila melanogaster Meigen egg production over that of control 
insects (Knutson 1955). Production of more eggs was attributed, in large part, to 
increased fly longevity following exposure. Ball and Su ( 1979) also demonstrated 
increases in female fecundity and extended longevity in D. v. virgifera exposed as 
adults to topically-applied sub lethal dosages of two carbamate insecticides 
( carbofuran and carbaryl). In addition to carbamates, organophosphate insecticides 
have played a significant role in numerous pest management programs. 
Rosenheim and Hoy (1988) investigated sublethal pesticide effects on the 
parasitoid Aphytis melinus DeBach. They detected no sublethal effects using 
carbaryl, however, each of four organophosphates ( chlorpyrifos, dimethoate, 
malathion, and methidathion) reduced longevity by 73-85% and temporarily 
decreased progeny production rates. Their results also indicated that chlorpyrifos 
exposure prompted a sex ratio shift in A. melinus offspring toward that of more 
males. Numerous naturally-occurring compounds have been found to possess 
insecticidal properties, and have received a considerable amount of attention as 
possible alternative pest control agents. For example, neem seed extract contains 
azadirachtin ( a terpenoid) which has been found to act as a feeding inhibitor and 
growth regulator in Liriomyza trifolii (Warthen 1979). Parkman and Pienkowski 
(1990) derived results similar to evaluations of traditional insecticides in that 
reduced fecundity and male longevity was demonstrated in adult L. trifolii that 
survived neem seed extract treatment as immatures. 
Problem Statement 
8 
Currently, application rate recommendations appearing on the labels of 
many soil-applied granular com rootworm insecticides ( chlorpyrifos, fonofos, 
phorate, and terbufos) are set at 1.12 kg (AI)/ha. Rates are based on amount of 
active ingredient per unit linear row distance using 102-cm row spacing (i.e., 
amount per unit area increases as row spacing decreases). However, in a 
comprehensive four-year regional (eight-state) rate optimization study, Fuller et al. 
(1996) determined that below-label application rates of several registered 
insecticides were as consistent as full labeled rates in maintaining com rootworm 
damage at subeconomic levels, irrespective of larval feeding pressure category 
(low, moderate, or high). Although their study generated an immense amount of 
information with regard to the efficacy of various application rates for managing 
com rootworm larvae little is known about the subsequent effects of such 
treatments on these important com pests. It is conceivable that microhabitats 
(insecticide-treated root zones) created by reduced application rates, which contain 
a lower toxicant concentration per unit soil volume, may yield more survivors due 
to sublethal insecticide exposure. 
Thus, before extensive grower adoption of reduced soil insecticide application 
rates occurs, an investigation into the impacts of this type of management practice 
on the bionomics of D. barberi and D. v. virgifera populations is imperative. 
Research Objectives 
This project was designed to achieve the following research objectives: 
1. Determine the influence of soil insecticide class and application rate 
9 
on survival and temporal emergence patterns of adult D. barberi and D. 
v. virgifera. 
2. Investigate possible effects of labeled vs. reduced insecticide rates 
on com rootworm sex and species ratios. 
3. Measure the impact of soil insecticide class and application rate on 
fecundity of female D. barberi and D. v. virgifera that emerge from 
insecticide-treated soil 
4. Assess the viability of eggs produced by female D. barberi and D. v. 
virgifera surviving insecticide-treated root zones as larvae. 
Field experiments ( 1993 and 1994 seasons) associated with com rootworm 
survival, temporal emergence patterns, and sex and species ratios were carried out 
in east central South Dakota com fields. Follow-up studies to measure insecticide 
impacts on fecundity and egg viability were carried out using Plant Science 
Department laboratory facilities on the South Dakota State University campus. 
CHAPTER 2. 
INFLUENCE OF INSECTICIDE AND APPLICATION RATE ON 
NORTHERN AND WESTERN CORN ROOTWORM (COLEOPTERA: 
CHRYSOMELIDAE) SURVIVAL, SEASONAL EMERGENCE 
PATTERNS, AND POPULATION DYNAMICS 
INTRODUCTION 
10 
The northern, Diabrotica barberi Smith and Lawrence, and western corn 
rootworm, D. virgifera virgifera LeConte, complex is considered by many to be 
the most significant economic pest problem for producers in the north central 
United States Corn Belt. Extreme degrees of root feeding by the larvae of these 
insects have been attributed to physiological yield losses associated with inhibition 
of the plant's ability to assimilate soil water and nutrients (Reidell 1990, Gavloski 
et al. 1992). Adverse environmental conditions (i.e., drought) can exacerbate the 
impact of this damage on corn plant health and productivity. The most commonly 
observed symptom associated with corn rootworm damage is plant lodging due to 
larval pruning of corn brace roots. Growers often experience difficulty harvesting 
se erely lodged corn which can result in mechanical yield losses. Current corn 
rootworm pest management options include the following: 1) rotation to a nonhost 
11 
crop in growing seasons following com; 2) adult suppression to avoid oviposition 
in com fields; or 3) a prophylactic planting-time insecticide application. Crop 
rotation, although considered an environmentally friendly practice, is not always a 
practical strategy due to climatic, edaphic, economic, or federal farm program 
constraints. The success of adult suppression programs can be inhibited through 
complications with treatment timing and com rootworm population phenology, 
invasion by ovipositional females from untreated refugia, or disruption of toxicant 
residual action due to rainfall events. Thus, a planting-time application of a soil 
insecticide is the most commonly-practiced rootworm management strategy in 
continuous (successive years of same crop) com production systems. 
The majority of currently-registered soil insecticide products ( chlorpyrifos, 
fonofos, phorate, and terbufos) are accompanied with labeling instructions to apply 
at 1.12 kg (AI)/ha. Rates are based on amount of active ingredient per unit linear 
row distance using 102-cm row spacing (i.e. , amount per unit area increases as row 
spacing decreases). However, in an extensive evaluation of below-label 
application rates conducted throughout eight north central states, Fuller et al. 
(1996) noted no significant differences in success ratios (i.e. yes:no [whether 
treatment maintained root damage below economic injury level]) between 0.75X 
and full labeled treatments of most insecticides evaluated irrespective of 
rootworm infestation level (i.e. low moderate, or high· root injury ratings of 3.00-
12 
3.99, 4.00-4.99, or 5.00-6.00 on I to 6 scale of Hills and Peters [1971] in control 
plots). Although the results of their study are important with regard to compound 
and rate performance, little is known about the subsequent effects of such 
treatments on these important com pests. In a three-year evaluation of D. v. 
virgifera emergence as affected by insecticide and tillage system, Gray et al. 
( 1992) suggested that planting-time insecticide applications, although intended to 
protect com roots, do not result in actual rootworm population management. 
Following any field application of an insecticide, a certain number of target 
insects are likely to survive. Survival is either a product of no insecticide 
exposure, resistance, or contact with a sub lethal dosage of the toxicant. Variable 
responses to sublethal insecticide exposure have been noted among insect species. 
Increased longevity of Drosophila melanogaster Meigen was observed by Knutson 
(1955) following treatment with sublethal concentrations of dieldrin. In addition, 
Ball and Su ( 1979) showed increased longevity in D. v. virgifera exposed as adults 
to topical treatment with sublethal dosages of carbofuran and carbaryl. 
Conversely, Rosenheim and Hoy (1988) evaluated the effects of chlorpyrifos at 
sublethal levels on the parasitoid Aphy tis melinus DeBach, and noted a sex ratio 
shift in offspring to that of more males. 
It is plausible that com field microhabitats (insecticide-treated root zones) 
created by reduced soil insecticide application rates which contain a lower 
13 
toxicant concentration per unit soil volume, may yield more survivors as a result of 
no insecticide exposure, resistance, or sublethal exposure. Field data associated 
with gender- and species-related rootworm susceptibility to planting-time soil 
insecticide applications are lacking in the available body of literature. Extremely 
uncommon is data associated with effects of reduced insecticide application rates. 
Acute differences in susceptibility, and thus survival, could lead to population 
shifts skewed toward the more resilient sex and/or species. Thus, before extensive 
grower adoption of reduced soil insecticide application rates occurs, an 
investigation into the impacts of this management practice on D. barberi and D. v. 
virgifera population dynamics is imperative. This experiment was initiated to 
determine the effects of labeled and reduced soil insecticide application rates on 
survival, seasonal emergence patterns, and gender and species ratios of D. barberi 
and D. v. virgifera populations in South Dakota. 
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MATERIALS AND METHODS 
Dryland continuous com fields in east central South Dakota (Sinai in 1993 
and Aurora in 1994 [both in Brookings Co.]) were chosen to monitor adult D. 
barberi and D. v. virgifera emergence from plots treated with planting-time soil 
insecticides. Treatments consisted of full labeled (lX) and reduced (0.50 and 
0.75X) application rates of three insecticides, all compared with an untreated 
check (UTC). Compounds used in the study included the following: 1) terbufos 
(Counter 15G; American Cyanamid Company, Wayne, NJ), a traditional 
organophosphate at 0.56, 0.84, and 1.12 kg; 2) chlorethoxyfos (Fortress 5G; E. I. 
DuPont De Nemours & Co., Inc., Wilmington, DE), a phosphorous triester 
organophosphate at 0.14, 0.22, and 0.28 kg; and 3) tefluthrin (Force 1.5G; Zeneca 
Agricultural Products, Wilmington, DE), a pyrethroid insecticide applied at 0.056, 
0.084 and 0.112 kg (AI)/ha. Treatments were compared for impact on sex and 
species ratios, and adult emergence patterns. 
Experimental design was a randomized complete block replicated four 
times. Individual plots consisted of three 15.2 m-long rows spaced 96.5 cm apart. 
The center row of each treatment plot was used for all measurements to a oid 
confounding effects associated with tri ial larval movement between rows. 
Application rates were regulated using ground-dri en oble metering units 
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mounted on a modified four-row Kinze com planter. Output of each unit was 
calibrated on the planter prior to applications. All insecticide treatments were 
placed in-furrow ( directly between double-disk furrow openers and into the open 
seed furrow). Pioneer IR-3751 (100-day) com seed was planted at a rate of 57,500 
kernels per hectare to establish a typical Midwestern com field plant density. 
In early August, root damage was assessed to determine the extent of com 
rootworm feeding pressure that had existed in treatment plots, and to evaluate 
treatment efficacy in preventing larval feeding injury. Five roots were extricated 
from the center row of each three-row treatment plot, washed, examined for com 
rootworm larval feeding damage, and rated in accordance with the six-point scale 
(i.e.,1 = no damage, and 6 = severe damage) of Hills and Peters (1971). 
Prior to rootworm adult eclosion, two 0.6 m wide by 1.0 m long by 15.2 cm 
high cages, modified from those used by Fisher (1980), were placed ( equidistant 
from each other and the end of the plot) over the center row of each three-row plot 
to capture emerging beetles. The exterior rectangular frame base of each cage was 
constructed of26-gauge galvanized steel with the top being made of aluminum 
screening material ( 45-mesh per cm2). Screens were supported by galvanized steel 
strips that terminated at a central point (approximately 20.3 cm) above the frame to 
form a screened pyramid. All inside screen margins and seams were sealed with 
silicone rubber caulking material to pre ent e cape of emerged beetles. The 
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pyramidal shape of cage tops was designed to exploit the natural negatively-
geotactic response ( crawling upward) of newly-emerged beetles. A plastic 
cylindrical capture device was positioned at the apex of each screened pyramid to 
catch beetles as they crawl upward on the screened cage top and an inverted 
aluminum screen cone was fastened on the bottom side of each capture device to 
prevent beetles from returning into the cage. Cages were monitored at 2-d 
intervals throughout the com rootworm emergence period. Monitoring consisted 
of collecting all beetles for the respective treatments from each replicate, and 
identifying them by sex and species. 
Beetle count data from 2-d sampling intervals were converted to emergence 
per day (E) and recorded in cumulative fashion to establish ECUM. Cumulative 
data were then fitted to nonlinear models using the Gauss-Newton iterative method 
of SAS NLIN (nonlinear regression) procedure (SAS Institute 1994). Plots of 
ECUM over time were sigmoid population growth curves closely fitted by the 
logistic function using a model modified from Dybing et al. (1988): 
ECUM = a/[l + /b + cxJ ] 
where a = the final cumulati e beetle emergence count (ECUMmax) e = the 
logarithmic constant, b and c = constants derived via PROC NLIN, and x = beetle 
count days. 
The inflection point (largest increase in emergence) of the plotted curve was 
estimated by 
EMAXcount = al 2, 
and the time (day) of maximum linear emergence was calculated as 
EMAXiime = btc. 
The time period before attaining cumulative linear beetle emergence was 
calculated as 
Eonset = (b - 2)rc, 
the termination of linear beetle emergence was determined by 
Eend = (b + 2)rc, 
and the total days of linear emergence increase was calculated as 
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Emergence rate (beetles over time) during linear emergence was estimated by the 
slope of the line at the inflection point of the plotted sigmoid ECUM curve. Slope 
was calculated using the formula 
Eslope = Cca/4) 
as described by Dybing et al. ( 1988). 
Descriptive characteristics of sigmoid emergence curves (EMAXcount, EMAXtime 
Eonset, Eenct, Eduration' slope, and coefficient of determination [R2]) derived from 
nonlinear regression analyses were used as dependent ariables and anal zed using 
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the SAS General Linear Models procedure (SAS Institute 1994 ). Contrasts (Steele 
and Torrie 1980) were used to test for treatment (rate within insecticide) effects on 
the aforementioned variables, and on season-end total emergence. These 
comparisons consisted of the following: 1) all rates of insecticide versus the 




Final beetle emergence counts from the 1993 season were relatively low in 
comparison with those observed in 1994. Data from the first year revealed no 
significant (P > 0.05) differences in total emergence of either male or female D. 
barberi when contrasting "All rates" ofterbufos versus the untreated check (Table 
1 ). Similar results were obtained with this contrast for both sexes of D. v. 
virgifera. In the comparison of 0.5X and lX rates, however, a significant (P = 
0.0465) reduction in female D. barberi emergence was observed with nearly 74% 
fewer beetles being trapped in plots treated with the high rate of this compound. 
Also, when comparing the 0.75X and IX application rates ofterbufos, the latter 
affected a 60% decrease in emergence of male D. barberi. Although not 
statistically significant, mean male D. barberi emergence from rows receiving 
terbufos at the 0.5X rate was approximately 53% lower than that occurring in the 
IX-treated plots. No further differences were noted in cumulative beetle 
emergence count data for 1993. 
Table 1. Mean number of D. barberi and D. v. virgifera emerged from plots treated with labeled and reduced 
application rates of three soil insecticides, Sinai, SD, 1993. 
Contrasts of means 
Species within All 
insecticide Sex rates vs. UTC p 0.5X vs. IX p 0.75X vs. IX p 
Terbufos 
D. barberi a' 9.8 7.2 0.3744 11.0 5.2 0.1130 13.2 5.2 0.0312 
~ 12.2 4.8 0.1812 19.0 5.0 0.0465 12.8 5.0 0.2567 
D. v. virgifera a' 1.2 1.0 0.8084 0.5 1.2 0.3767 1.8 1.2 0.5538 
~ 0.7 0.8 0.8736 0.8 0.2 0.4385 1.0 0.2 0.2489 
Tefluthrin 
D. barberi a' 3.7 7.2 0.2214 1.8 2.2 0.8874 7.0 2.2 0.1868 
~ 4.0 4.8 0.8916 1.5 3.8 0.7388 6.8 3.8 0.6569 
D. v. virgifera a' 0.3 1.0 0.3366 0 0 1.0000 1.0 0 0.2415 
~ 0.2 0.8 0.3442 0 0.2 0.6971 0.5 0.2 0.6971 
Chlorethoxyfos 
D. barberi a' 7.8 7.2 0.8702 7.0 8.5 0.6716 
~ 7.1 4.8 0.6846 5.2 9.0 0.5792 
D. v. virgifera d4 0.6 1.0 0.6078 0.8 0.5 0.7666 




As previously noted, substantially higher numbers of male and female 
beetles of both species were captured in 1994 than in the previous year, regardless 
of treatment. Comparing "All rates" of terbufos versus the untreated check 
demonstrated a significant (P = 0.0299) reduction in total emergence of female D. 
barberi and male D. v. virgifera as a result of these planting-time applications 
(Table 2). Analyses of contrasts did not detect any rate-associated differences in 
survival to adulthood for males or females of either species. 
Contrasts of parameters generated by nonlinear regression analyses of 1993 
data produced a significantly (P = 0.0261) lower mean male D. barberi EMAXcount 
(greatest increase in counts during linear population growth phase) value for the 
labeled rate (lX) of terbufos in comparison with that of the 0.75X treatment (Table 
3). In addition, a strong trend (P = 0.0508) was manifested in the contrast between 
low (0.5X) and labeled rate applications of this compound when examining this 
parameter of the plotted curves. Analysis of female D. barberi emergence curves 
failed to show significant (P > 0.05) differences in all contrasts of means, 
irrespective of variable tested (Table 4 ). 
Results of plotted 1994 cumulative emergence data associated with terbufos 
treatment rates can be reviewed in Tables 5 through 8. These comparisons 
imparted no significant (P > 0.05) differences between application rates with 
respect to all measured parameters of plotted curves for male D. barberi (Table 5). 
Table 2. Mean number of D. barberi and D. v. virgifera emerged from plots treated with labeled and reduced 
application rates of three soil insecticides, Aurora, SD, 1994. 
Contrasts of means 
Species within All 
insecticide Sex rates vs. UTC p 0.5X vs. IX p 0.75X vs. IX p 
Terbufos 
D. barberi a' 41.5 56.2 0.1178 35.2 44.5 0.4153 44.8 44.5 0.9823 
~ 37.4 52.2 0.0299 31.8 32.2 0.9502 48.2 32.2 0.0536 
D. v. virgifera a' 26.9 56.5 0.0232 27.2 20.2 0.6457 33.2 20.2 0.3955 
~ 21.0 28.2 0.2520 23.8 12.0 0.1330 27.2 12.0 0.0545 
Tefluthrin 
D. barberi d4 39.8 56.2 0.0833 38.8 34.8 0.7233 46.0 34.8 0.3233 
~ 33.0 52.2 0.0061 34.8 27.8 0.3849 36.5 27.8 0.2794 
D. v. virgifera a' 35 .0 56.5 0.0917 32.5 34.2 0.9083 38.2 34.2 0.7925 
~ 21.6 28.2 0.2913 21.5 23.0 0.8447 20.2 23.0 0.7198 
Chlorethoxyfos 
D. barberi a' 44.8 56.2 0.2185 43.0 44.8 0.8768 46.5 44.8 0.8768 
~ 43.2 52.2 0.1757 42.5 44.5 0.8027 42.8 44.5 0.8269 
D. v. virgifera a' 27.0 56.5 0.0236 32.5 16.0 0.2828 32.5 16.0 0.2828 
~ 19.6 28.2 0.1731 21.5 13.2 0.2864 24.0 13.2 0.1679 
N 
N 











rates vs. UTC p 
5.4 3.5 0.2638 
18.4 12.6 0.2356 
7.9 6.2 0.5606 
28.8 19.1 0.2116 
20.9 12.9 0.2394 
0.672 0.696 0.9333 
0.99 0.99 0.9884 
Contrasts of means 
0.5X vs. IX p 0.75X vs. IX 
6.6 2.4 0.0508 7.2 2.4 
22.9 12.1 0.0772 20.1 12.1 
10.3 5.7 0.2259 7.7 5.7 
35.4 18.5 0.0821 32.4 18.5 
25.1 12.8 0.1400 24.7 12.8 
0.640 0.411 0.5197 0.966 0.411 





















rates vs. UTC p 
6.6 2.2 0.1233 
17.4 12.4 0.0876 
8.3 6.7 0.4590 
26.5 18.1 0.1498 
18.2 11.4 0.3298 
0.891 0.578 0.6828 
0.99 0.99 0.8051 
Contrasts of means 
0.5X vs. lX p 0.75X vs. lX 
9.2 3.1 0.1696 6.6 3.1 
17.6 19.0 0.5864 16.0 19.0 
9.5 9.2 0.8758 6.4 9.2 
25.6 28.7 0.6272 25.6 28.7 
16.1 19.6 0.7205 19.2 19.6 
1.341 0.372 0.3723 0.831 0.372 






















rates vs. UTC p 
12.9 15.9 0.0889 
18.4 13.9 0.0459 
8.8 6.6 0.1728 
28.1 21.1 0.0216 
19.3 14.4 0.1965 
1.521 2.151 0.0520 
0.99 0.99 0.9814 
Contrasts of means 
0.5X vs. IX p 0.75X vs. IX 
17.3 22.0 0.4020 22.1 22.0 
19.1 17.7 0.4890 18.5 17.7 
10.7 9.3 0.5310 8.8 9.3 
27.6 26.2 0.5190 28.2 26.2 
16.9 16.9 0.9777 19.4 16.9 
2.033 2.664 0.4038 2.415 2.664 












However, in contrasting "All rates" versus the untreated check for effects on male 
D. barberi, terbufos applications resulted in a significant (P = 0.0459) lag in 
EMAXtime (the day on which maximum linear emergence occurred) and affected a 
significant (P = 0.0216) delay on occurrence ofEend (termination of the linear 
emergence phase). The contrast of "All rates" versus UTC indicated that several 
components of the female D. barberi emergence curve were also measurably 
influenced by terbufos treatment (Table 6). The EMAXcount (largest increase in 
beetle emergence during the linear period) variable was statistically (P = 0.0497) 
lower; the day at which maximum emergence occurred (EMAXtime) and the date of 
the linear emergence period end (Eend) were significantly later (P = 0.0396 and 
0.0260, respectively); and the slope of the linear emergence period was lower (P = 
0.0029) in plots receiving terbufos treatments within the "All rates versus UTC" 
comparison. This indicated that terbufos applications, compared with no 
treatment, result in measurable impacts on female D. barberi emergence 
parameters. The only curve character producing a measurable rate-response in 
female D. barberi emergence was EMAXcount, which was significantly (P = 
0.0222) higher in plots treated with the 0.75X rate of this insecticide than that 
observed in IX-treated plots. 











rates vs. UTC p 
12.8 13.5 0.0497 
19.5 15.1 0.0396 
9.9 8.2 0.3494 
29.1 22.0 0.0260 
19.5 13.8 0.1188 
1.394 1.863 0.0029 
0.99 0.99 0.9708 
Contrasts of means 
0.5X vs. IX p 0.75X vs. IX p 
15.0 15.5 0.8899 18.7 15.5 0.0222 
22.0 20.2 0.3806 19.5 20.2 0.3254 
11.9 11.1 0.7196 9.5 11.1 0.9994 
32.1 29.2 0.3295 29.4 29.2 0.1695 
20.2 18.0 0.4862 19.8 18.0 0.1834 
1.518 1.692 0.7227 1.831 1.692 0.1812 




As shown in Table 7, the impact ofterbufos on male D. v. virgifera 
emergence parameters was limited. Results of 1994 cumulative emergence curve 
analyses indicated no significant (P > 0.05) differences in contrasting either of the 
reduced rates with the 1 X application for all parameters tested. However, 
statistical differences were detected for the EMAXcount and slope variables (P = 
0.0216 and P = 0.0136, respectively) when comparing "All rates" of versus the 
untreated check. These differences were expressed as a 53% reduction in 
EMAXcount and a 60% decrease in the slope of the linear emergence portion of the 
plotted curve. The emergence response of female D. v. virgifera to terbufos 
applications was generally more notable than that of males (Table 8). Termination 
of the female linear emergence period (Eend) for this species was significantly (P = 
0.0474) influenced by terbufos application rate. Mean Eend occurred nearly 3 wk 
earlier in IX-treated terbufos plots than in those receiving the 0.5X rate. Although 
not significant, trends were also noted with a slightly ( 4.6 d) earlier EMAXtime and 
an 8.9-d shorter Eduration period. No additional differences associated with 
application rates were observed. In examining the contrast of terbufos overall 
versus the untreated check, the former affected significant delays in EMAXtime, 
Eonset, and Eend, (P = 0.0109, P = 0.0462, and P = 0.0325 respectively). Terbufos 
applications as evidenced by the statistically (P = 0.0236) reduced emergence 
curve slope resulted in a more gradual increase in female D. v. virgifera. 
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rates vs. UTC p 
13.3 28.3 0.0216 
13.2 10.4 0.1260 
4.1 2.0 0.3087 
22.3 18.9 0.1637 
18. l 16.9 0.6584 
1.496 3.617 0.0136 
0.99 1.00 0.2043 
Contrasts of means 
0.5X vs. IX p 0.75X vs. IX p 
13.6 10.1 0.6469 16.4 IO.I 0.4115 
15.1 12.4 0.2287 12.1 12.4 0.8952 
6.9 2.6 0.1013 3.0 2.6 0.8719 
23.2 22.3 0.7398 21.3 22.3 0.7358 
16.3 19.7 0.3267 18.3 19.7 0.6794 
1.664 1.046 0.5351 1.779 1.046 0.4622 
1.00 1.00 0.4685 1.00 1.00 0.2309 
N 
\0 











rates vs. UTC p 
9.6 13.8 0.1572 
15.2 10.0 0.0109 
6.8 4.5 0.0462 
23.6 15.6 0.0325 
16.9 11.2 0.1307 
1.279 2.570 0.0236 
1.00 0.8583 0.98 
Contrasts of means 
0.5X vs. IX p 0.75X vs. IX p 
10.8 5.7 0.1633 12.4 5.7 0.0672 
17.4 12.8 0.0579 15.4 12.8 0.2859 
6.6 6.5 0.9374 7.1 6.5 0.6841 
28.2 19.1 0.0474 23.6 19.1 0.3130 
21.5 12.6 0.0568 16.5 12.6 0.3902 
1.122 1.041 0.9030 1.674 1.041 0.3451 




Root rating data from untreated check plots in 1993 indicated a light ( x = 
2. 7 on 1 to 6 scale; Hills and Peters 1971) level of rootworm feeding pressure at 
the Sinai site (Table 20), although the comparison ofterbufos treatment versus no 
treatment resulted in highly significant (P = 0.0001) root protection being provided 
by the insecticide. In contrasting terbufos application rates for level of root injury 
incurred, analyses failed to detect significance (P = 0.8040) between plots treated 
with 0.75 and lX rates ofterbufos. However, a strong rate response (P = 0.0079) 
was observed in comparing the low (0.5X) with the full labeled (IX) application 
for efficacy. 
In 1994, mean root ratings in the untreated check plots ( x = 3.7) suggested 
the presence of a moderate larval rootworm infestation in the Aurora plots. 
Although no significant (P = 0.8075) differences were manifested in rate contrasts, 
treatment with terbufos resulted in highly significant (P = 0.0001) larval feeding 
injury prevention. 
Tefluthrin 
The comparison of total emergence from plots treated with tefluthrin at All 
rates' against untreated com plots generated no significant (P > 0.05) differences 
within sexes or species during 1993 (Table 1). Additionally, contrasts of reduced 
rates (i.e. 0.5 and 0.75X) with the full labeled rate (lX) of this insecticide resulted 
in failure to detect significance in males or females of either D. barberi or D. v. 
... 
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virgifera, thereby indicating the absence of any measurable influence of tefluthrin 
impact application rate on com rootworm sex or species ratios. 
Contrasts of final cumulative beetle counts from tefluthrin plots in 1994 
(Table 2) yielded similar findings to those obtained in 1993. The only significant 
contrast observed was when female D. barberi emergence was measured and "All 
rates" oftefluthrin were compared with the UTC (P = 0.0061). Emergence from 
tefluthrin-treated plots ( all rates combined) was 3 7% lower than that which 
occurred in untreated plots. 
Extremely low emergence of male ( all tefluthrin plots) and female D. 
barberi (plots treated with 0.5X rate of tefluthrin) at Sinai during 1993 precluded 
PROC NLIN from validly fitting these data to an emergence curve. Therefore, 
tabulated results do not include comparisons associated with these treatments. In 
comparing "All rates" oftefluthrin with untreated plots for female D. barberi 
emergence (Table 9), insecticide applications caused significant (P ~ 0.0327) 
delays in EMAXtime (12 d), Eonset (9.9 d), and Eend (14.1 d). In the contrast of 0.75 
versus IX rate effects oftefluthrin on female D. barberi emergence, no significant 
(P > 0.05) differences were observed regardless of curve parameter being tested. 
Emergence data from the Aurora site in 1994 showed no significant rate-
response associated with tefluthrin on either male (Table 10) or female (Table 11) 
D. barberi emergence. 
di! 
Table 9. Effect of tefluthrin application rate on female D. barberi emergence 
curve, Sinai, SD, 1993. 
Contrasts of means 
Curve All 
character rates vs. UTC p 0.75X vs. IX p 
EMAXcount (beetles) 2.7 2.2 0.8672 3.4 2.1 0.6907 
EMAXtime (days) 24.4 12.4 0.0011 23.8 25.0 0.7380 
Eonset (days) 16.6 6.7 0.0018 16.2 16.9 0.8238 
Eend (days) 32.2 18.1 0.0327 31.4 33.1 0.8088 
Eduration (days) 15.6 11.4 0.5619 15.1 16.1 0.9024 
slope 0.936 0.578 0.6426 0.549 1.322 0.3889 
R2 0.98 0.99 0.2284 0.98 0.97 0.3473 
w 
w 











rates vs. UTC p 
15.8 15.9 0.0659 
17.1 13.9 0.4854 
8.8 6.6 0.9691 
25.5 21.1 0.2197 
16.7 14.4 0.1352 
1.815 2.151 0.0318 
0.98 0.99 0.3600 
Contrasts of means 
0.5X vs. IX p 0.75X vs. IX p 
19,3 17.3 0.7241 22.7 17.3 0.3310 
15.4 16.8 0.5038 16.4 16.8 0.8657 
5.9 7.6 0.4431 8.1 7.6 0.8316 
25.0 26.0 0.6445 24.8 26.0 0.6031 
19.0 18.4 0.7005 16.8 18.4 0.3578 
2.025 1.836 0.8015 2.830 1.836 0.1927 
0.95 1.00 0.0375 1.00 1.00 0.9636 
w 
~ 











rates vs. UTC p 
10.9 13.4 0.0108 
22.1 15.1 0.1091 
13.2 8.2 0.4899 
31.0 22.0 0.0787 
17.8 13.8 0.2127 
1.397 1.863 0.0011 
0.99 0.99 0.9912 
Contrasts of means 
0.5X vs. IX p 0.75X vs. IX p 
16.6 13.6 0.4412 18.7 13.6 0.1902 
20.8 21.6 0.7037 19.5 21.6 0.3149 
10.7 12.7 0.3585 9.5 12.7 0.1547 
30.9 30.5 0.8924 29.4 30.5 0.7067 
20.2 17.8 0.4371 19.8 17.8 0.5141 
1.697 1.585 0.8172 1.831 1.585 0.6136 




In the contrast of 0.5 versus IX rates of this compound for influence on male D. 
barberi emergence, only coefficients of determination (R2) were significantly (P = 
0.0375) different. Significance between these two means was largely an artifact of 
extremely high R2 (~ 0.92) values for all plotted curves. Thus, means produced by 
data from replicates had very little associated variability, and small numerical 
differences were easily detected as being significant using these contrasts. 
Emergence of both sexes of D. barberi was more gradual in tefluthrin-treated plots 
as was demonstrated in contrasting "All rates" of tefluthrin versus the untreated 
check. This comparison revealed a significant reduction in the linear emergence 
period slope for males (Table 10; P = 0.0318) and females (Table 11; P = 0.0011). 
An additional effect was expressed as a significant (P = 0.0108) decrease in the 
EMAXcount variable for emerging female D. barberi (Table 11 ), which was also 
observed in the "All rates" versus UTC contrast. 
Data from 1994 associated with tefluthrin influence on D. v. virgifera 
emergence generated few differences. The 0.5X versus IX comparison for males 
(Table 12) showed a significant (P = 0.0286) decrease in Eduration by 7.8 d with the 
1 X rate, however, the absence of differences between 'All rates and the untreated 
check plots indicates that this insecticide may not have a pronounced impact on 
male D. v. virgifera emergence. Additionally no significant (P > 0.05) tefluthrin-
induced rate responses in female D. v. virgifera emergence (Table 13). 
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rates vs. UTC p 
17.5 28.3 0.0885 
13.1 10.4 0.1437 
5.0 2.0 0.1612 
21.2 18.9 0.3414 
16.2 16.9 0.7977 
2.342 3.617 0.1241 
1.00 1.00 0.1004 
Contrasts of means 
0.5X vs. lX p 0.75X vs. lX p 
16.4 17.2 0.9194 18.7 17.2 0.8442 
12.6 13.1 0.7971 13.5 13.1 0.8531 
2.5 6.9 0.0930 5.6 6.9 0.6083 
22.7 19.3 0.2611 21.5 19.3 0.4692 
20.2 12.4 0.0286 15.9 12.4 0.3135 
2.137 2.648 0.6072 2.241 2.648 0.6819 
1.00 1.00 0.3356 1.00 1.00 0.2309 
w 
-....J 











rates vs. UTC p 
10.4 13.8 0.2449 
13.0 10.0 0.1329 
7.2 4.5 0.0182 
18.7 15.6 0.3934 
11.5 11.2 0.9310 
2.034 2.570 0.3281 
1.00 0.4692 0.99 
Contrasts of means 
0.5X vs. IX p 0.75X vs. IX p 
10.o 11.2 0.7374 10.0 11.2 0.7237 
13.7 13.1 0.8009 12.1 13.1 0.6717 
6.7 8.0 0.3575 7.0 8.0 0.4673 
20.7 18.2 0.5803 17.2 18.2 0.8223 
14.0 10.3 0.4178 10.3 10.3 0.9992 
1.846 2.305 0.4927 1.952 2.305 0.5968 
1.00 0.9412 0.92 1.00 0.0991 
uJ 
00 
The only parameter being impacted in the "All rates" versus UTC contrast was 
Eonset, in which tefluthrin applications affected a significant (P = 0.0182) lag, 
however, it should be noted that this was only a 2.7-d delay. 
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Results of 1993 rootworm feeding damage data failed to produce significant 
(P L 0.5622) differences in root protection in any contrast of tefluthrin application 
rates (Table 20), although the comparison of tefluthrin treatment with no 
insecticide application resulted in highly significant (P = 0.0001) differences in 
severity of rootworm feeding injury. Similar findings were obtained in 1994, with 
significance (P = 0.0001) being restricted to the comparison of root damage in 
tefluthrin plots versus that incurred in untreated controls. 
Chlorethoxyfos 
Trapping data from 1993 (Table 1) demonstrated no significant (P > 0.05) 
differences in rootworm sex or species emergence levels in contrasting "All rates" 
of chlorethoxyfos versus the untreated check, although a trend (P = 0.0518) was 
observed with female D. v. virgifera. Non-significance (P L 0.5792) was also 
noted in the contrast between lowest (0.5X) and full labeled (lX) application rates 
for males or females of either species. Although the medium (0. 7 5X) treatment of 
this compound was not included in 1993 it is not likely that a contrast of beetle 
emergence between it and the 1 X rate would have resulted in a statistically 
significant difference since none were detected between low and high treatments. 
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Neither male or female D. barberi total emergence were impacted by 
applications of chlorethoxyfos during 1994 (Table 2), as was evidenced by the lack 
of significance (P > 0.05) observed in the comparison between "All rates" of the 
insecticide and the untreated control. Although no rate-related differences were 
exhibited in comparing reduced (0.5X and 0.75X) chlorethoxyfos applications with 
the high (IX) rate, contrasting "All rates" versus the untreated check showed a 
significant (P = 0.0236) reduction (52%) in female D. v. virgifera emergence 
resulting from the use of this insecticide. No additional differences in cumulative 
emergence were noted. 
Contrasts of chlorethoxyfos application rate effects on corn rootworm 
emergence revealed few statistically significant responses in rate or chemical 
versus untreated check comparisons. In 1993, the male D. barberi emergence 
curve slope was significantly greater in plots treated with 1 X applications than 
those receiving the 0.SX chlorethoxyfos treatment (Table 14). Nonetheless, 
analyses of contrasts failed to detect significant (P > 0.05) differences in the "All 
rates" versus UTC comparison in any of the emergence parameters examined. 
This indifferent response to chlorethoxyfos insecticide application in male 
emergence corresponded closely with the results obtained for female D. barberi 
during 1993, in which no significant (P > 0.05) rate- or chlorethoxyfos-induced 
effects were observed irrespective of curve variable evaluated (Table 15). 
Table 14. Effect of chlorethoxyfos application rate on male D. barberi 
emergence curve, Sinai, SD, 1993. 
Contrasts of means 
Curve All 
character rates vs. UTC p 0.5X vs. IX p 
EMAXcount (beetles) 4.0 3.5 0.8908 3.5 4.6 0.8299 
EMAXtime (days) 14.3 12.6 0.8984 17.1 10.4 0.2338 
Eonset (days) 5.7 6.2 0.8282 5.5 5.9 0.9614 
Eend (days) 22.9 19.1 0.8064 28.7 15.0 0.1469 
Eduration (days) 17.2 12.9 0.7043 23.1 9.2 0.1033 
slope 0.727 0.696 0.7251 0.365 1.210 0.0332 




Table 15. Effect of chlorethoxyfos application rate on female D. barberi 
emergence curve, Sinai, SD, 1993. 
Contrasts of means 
Curve All 
character rates vs. UTC p 0.5X vs. IX p 
EMAXcount (beetles) 4.2 2.2 1 2.9 5.6 0.2747 
EMAXtime (days) 17.2 12.4 0.1193 15.2 19.2 0.3138 
Eonset (days) 6.0 6.7 0.9964 8.3 3.7 0.2762 
Eend (days) 28.4 18.1 0.1123 22.1 34.7 0.1369 
Eduration (days) 22.4 11.4 0.1686 13.8 31.0 0.0944 
slope 0.500 0.578 0.9951 0.410 0.590 0.8326 




As listed in Table 16, results from contrasts of 1994 data in relation to male 
D. barberi emergence produced similar findings to those acquired in 1993. 
Analyses failed to detect significant (P > 0.05) effects in either of the rate 
comparisons, or when contrasting chlorethoxyfos overall against no insecticide. 
Female D. barberi emergence, however, did exhibit differences, especially in 
comparing "All rates" versus the UTC (Table 17). Response variables 
significantly (P s 0.0423) affected were EMAXtime and End, which were delayed 
by 4.9 and 8.5 d, respectively, and the slope of the female D. barberi linear 
emergence period, which decreased by 13 %. 
Chlorethoxyfos applications affected significant (P s 0.0297) decreases in 
EMAXcount (53%) and slope (51 %) on male D. v. virgifera when compared with 
plots receiving no treatment (Table 18). However, no rate impacts were observed 
in analyses of emergence curve variables. In examining female D. v. virgifera 
emergence characteristics, 0.5X and 0.75X versus IX comparisons failed to show 
statistically discernible impacts of chlorethoxyfos application rate (Table 19), 
although significant (P s 0.0311) delays in EMAXtime ( 4.3 d) and Eonset (2.9 d) 
occurred in chlorethoxyfos plots when compared with the untreated check. An 
additional effect was a significant (P = 0.0254) decrease (49% reduction) in slope 
of the linear emergence period. 











rates vs. UTC p 
15.4 15.9 0.1699 
16.2 13.9 0.1773 
8.2 6.6 0.1631 
24.2 21.1 0.2767 
16.0 14.4 0.6928 
2.111 2.151 0.2671 
0.99 0.9221 1.00 
Contrasts of means 
0.5X vs. IX p 0.75X vs. IX p 
21.4 21.8 0.9386 22.9 21.8 0.8531 
15.6 17.6 0.3163 18.7 17.6 0.5997 
8.1 10.2 0.3324 10.7 10.2 0.8308 
23.2 25.1 0.3825 26.7 25.1 0.4552 
15.1 14.9 0.9065 16.1 14.9 0.4980 
2.820 2.954 0.8583 2.979 2.954 0.9734 
1.00 0.9909 0.99 1.00 0.8195 
~ 
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rates vs. UTC p 
15.3 13.5 0.2219 
20.0 15.1 0.0423 
9.5 8.2 0.3925 
30.5 22.0 0.0250 
21.0 13.8 0.1034 
1.621 1.863 0.0212 
0.98 0.99 0.3472 
Contrasts of means 
0.5X vs. IX p 0.75X vs. IX p 
20,7 21.0 0.9423 20.9 21.0 0.9832 
19.8 21.5 0.4111 23.0 21.5 0.4757 
10.9 11.4 0.8231 11.5 11.4 0.9702 
28.6 13.6 0.3200 34.6 13.6 0.3298 
17.7 20.2 0.4184 23.1 20.2 0.3586 
2.388 2.180 0.6696 1.978 2.180 0.6798 
1.00 1.00 0.9642 0.93 1.00 0.0289 
~ 
VI 












rates vs. UTC p 
13.4 28.3 0.0225 
12.6 10.4 0.2194 
4.8 2.0 0.1943 
20.5 18.9 0.4926 
15.8 16.9 0.6844 
1.773 3.6 0.0297 
1.00 1.00 0.4896 
Contrasts of means 
0.5X vs. IX p 0.75X vs. IX p 
16_1 8.1 0.2926 16.1 8.1 0.2926 
11.7 12.7 0.6286 13.5 12.7 0.7253 
5.2 4.2 0.6964 4.8 4.2 0.8255 
18.l 21.2 0.2923 22.2 21.2 0.7430 
12.9 17.0 0.2308 17.4 17.0 0.9080 
2.429 1.093 0.1858 1.795 1.093 0.4820 
1.00 1.00 0.2309 1.00 1.00 0.1529 
+::-
0-., 












rates vs. UTC p 
8.3 13.8 0.0642 
14.3 10.0 0.0311 
7.4 4.5 0.0133 
21.3 15.6 0.1225 
13.9 11.2 0.4589 
1.298 2.570 0.0254 
0.97 1.00 0.4286 
Contrasts of means 
0.5X vs. IX p 0.75X vs. IX p 
8,2 6.7 0.6799 10.0 6.7 0.3525 
12.0 15.4 0.1536 15.7 15.4 0.8788 
6.2 7.6 0.3031 8.4 7.6 0.5530 
17.7 23.1 0.2280 23.0 23.1 0.9824 
11.6 15.5 0.3861 14.6 15.5 0.8418 
1.656 0.962 0.3017 1.275 0.962 0.6386 




Analysis of 1993 root injury ratings (Table 20) showed no statistical 
difference (P = 0.5730) in contrasting low (0.5X) versus labeled (IX) rates of 
chlorethoxyfos. In addition, the comparison of root damage in chlorethoxyfos-
treated plots with that which incurred in untreated plots failed to yield significant 
(P = 0.5622) differences. Results from 1994 were quite similar to those derived 
from 1993 root ratings, in that contrasts of showed no statistically measurable (P = 
0.8075) impact on root protection associated with chorethoxyfos application rate. 
However, the comparison of root injury sustained using "All rates" of this 
insecticide was significantly (P = 0.0001) more extensive than that occurring in 
untreated control plots. 
Table 20. Mean root injury ratings from plots treated with labeled and reduced applications of three soil 
insecticides at planting time, Sinai (1993) and Aurora (1994), SD. 
Contrasts of means 
Year Insecticide All 
rates vs. UTC p 0.5X vs. IX p 0.75X vs. IX p 
1993 
Terbufos 1.8 2.7 0.0001 1.4 2.0 0.0079 1.9 2.0 0.8040 
Tefluthrin 1.4 2.7 0.0001 1.4 1.3 0.7195 1.4 1.3 0.5622 
Chlorethoxyfos 2.6 2.7 0.5622 2.6 2.5 0.5730 
1994 
Terbufos 1.4 3.7 0.0001 1.4 1.4 0.8075 1.4 1.4 0.8075 
Tefluthrin 1.6 3.7 0.0001 1.6 1.7 0.6262 1.4 1.7 0.2240 





Although many authors have investigated various facets of insect biology 
and ecology as affected by insecticide treatment, this is the first comprehensive 
study of D. barberi and D. v. virgifera temporal emergence patterns and survival 
associated with labeled and reduced soil insecticide rates. The 1993 growing 
season was characterized by unusually low spring and early summer temperatures 
and above-normal precipitation (Appendix 1; Tables 1 & 2). Thus, degree-day 
accumulations were atypically low (i.e., 186 growing degree days below normal by 
22 Aug [Bender 1993]) and, in many cases, com field soil moisture levels were 
near saturation for prolonged periods throughout the summer. These 
environmental factors coupled to create less-than-optimal conditions for com 
rootworm survival and development through all immature stages. Resultant were 
generally low levels oflarval feeding damage (x = 2.7 on 1 to 6 scale; [Hills & 
Peters 1971]) and correspondingly reduced beetle emergence in all treatment plots 
during that year. Effects of extreme soil moisture on this experiment corresponded 
with the findings of Sutter & Gustin (1989) which suggested that saturated 
conditions during early rootworm developmental stages can result in substantial 
rootworm mortality. 
Temperature and rainfall levels during the 1994 season were more normal 
and more typical degrees of larval feeding injury ( x = 3. 7) were observed in 
control plots. Accordingly, greater emphasis on data herein should be placed on 
findings from that more representative year of this investigation. Albeit, similar 
patterns were often observed among years. 
Root injury rating data from 1993 showed that terbufos and tefluthrin 
applications, in general, resulted in significantly lower feeding damage than 
untreated controls. Chlorethoxyfos applications, however, failed to provide 
significant levels of root protection. This may have been due to the increased 
volatility of this compound which, according to Landsman (1991) would have 
been exacerbated during the extremely wet soil conditions that prevailed during 
1993. Evaluations of root damage in 1994 yielded similar results to the previous 
year. Reduced rates, irrespective of insecticide, performed at an equivalent level 
to labeled rates that year. All insecticides tested resulted in significant levels of 
rootworm damage suppression, however, application rate did not affect efficacy. 
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Sutter et al. ( 1991) measured the effects of granular soil insecticides on the 
biology of artificially-established D. v. virgifera infestations and obtained variable 
results in survival fecundity, and sex ratio of that species. They attributed 
inconsistencies to variability among insecticides in physical properties such as 
water solubility. Gray et al. (1992) also monitored D. v. virgifera emergence from 
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plots treated with full rates of several registered soil insecticides and observed 
statistically greater adult survival in insecticide-treated plots than that in control 
plots. They suggested that, although root protection is often provided, insecticides 
may not necessarily result in actual management of D. v. virgifera populations. 
The results of our study differ slightly from those of Gray et al. (1992) in that com 
rootworm adult emergence was never significantly higher from untreated controls. 
Insecticides applied at labeled rates frequently resulted in significant (P < 0.05) 
reductions in cumulative seasonal emergence, especially during the 1994 season. 
Reduction in survival of female D. barberi to adulthood was noted following 
terbufos and tefluthrin applications. In addition, significantly fewer male D. v. 
virgifera emerged from plots treated with terbufos. Several instances of trends in 
reduced emergence were also observed with males and females of both species. 
However, few rate-induced responses were evident in treatment contrasts 
associated with cumulative beetle emergence, thereby indicating innocuous effects 
of reduced rates on surviving population levels. 
Temporal com rootworm emergence patterns were also affected by these 
insecticide treatments. Applications of terbufos resulted in much later and more 
gradual emergence of female D. v. virgifera than that which occurred in untreated 
plots. The linear emergence period of male D. v. virgifera was also more 
protracted in comparing untreated plots with those treated with terbufos. 
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Tefluthrin applications resulted in an emergence delay by female D. barberi in 
both years, and a more gradual emergence rate of both males and females of that 
species in 1994. Tefluthrin did not elicit significant effects on males of either 
species, or female D. v. virgifera, at labeled or reduced treatment rates. Female D. 
barberi emerged later, and in a significantly more prolonged manner, after 
surviving the IX application of tefluthrin. Negligible effects on these insects were 
noted with regard to treatment with chlorethoxyfos, however female D. barberi 
surviving plots treated with the high rate of this insecticide emerged at a 
significantly slower rate per unit of time in comparison to those that emerged from 
untreated plots. 
Although root protection, as well as, cumulative and temporal emergence 
patterns (e.g., onset, duration, slope, etc.) were often influenced by these 
insecticides, the use of reduced application rates did not play a major role in these 
phenomena. Data from this experiment indicated that female emergence patterns 
of both species were affected more than those of males, D. barberi were impacted 
more than D. v. virgifera, and terbufos and tefluthrin were the insecticides 
imposing most of these effects. Statistical differences and associated trends 
identified by these evaluations, however, failed to materialize in contrasts of 
reduced application rates against full labeled treatments. Consequently reduced 
applications of the these insecticides do not appear to result in significant 
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advantages for survival of one species over another. The recurring effect imposed 
by compounds evaluated in this experiment was a lag in onset of the linear 
emergence period. This phenomenon was displayed with female D. barberi 
following tefluthrin applications in 1993, and in D. v. virgifera with all insecticides 
tested during 1994. 
The findings of this experiment possess considerable relevance to com 
rootworm pest management. Fuller et al. (1996) determined that reduced (0.75X) 
applications of several soil insecticides, including those chosen for our study, 
provide adequate root protection as consistently as full labeled rates. Their data 
further indicated that the same was true for the comparison of 0.5X and IX 
application rates. Since survival does not appreciably change with changing 
application rate of the insecticides we evaluated, pest managers applying one of 
these compounds at full labeled rates should consider reduced rates. This strategy 
would be both economically and environmentally beneficial. Grower insecticide 
costs for controlling these pests could be cut by 25%. In addition less toxic 
material would be released into the environment, thereby minimizing the potential 
for significant effects on nontarget organisms and reducing the risks of ground 
water contamination. 
Resulting lags in onset of emergence by female D. barberi and D. v. 
virgifera that survi e applications of soil insecticides ma also be germane to com 
... 
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rootworm pest management. Dynamic adult sampling thresholds of the future 
would be helpful provided they accounted for differential emergence by sexes and 
species. Such thresholds would be especially useful in areas of extensive use of 
these compounds demonstrated to delay emergence . 
CHAPTER 3. 
IMP ACT OF LABELED AND REDUCED SOIL INSECTICIDE 
APPLICATION RATES ON NORTHERN AND WESTERN 
CORN ROOTWORM (COLEOPTERA: CHRYSOMELIDAE) 
FECUNDITY AND EGG VIABILITY 
INTRODUCTION 
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VIABLE EGG PRODUCTION is a vital component in the perpetuation of 
all oviparous insect species. Survival and the level of success of a particular 
species are augmented by the relative degree of fecundity it expresses. A variety 
of environmental and ecological factors (e.g., food supply, food quality, 
temperature unit accumulation, existing population density, etc.) can influence the 
number of eggs females are able to produce as well as their viability. In addition 
to these natural phenomena, man-made factors and agents of habitat perturbation 
( e.g., insecticides) may also be likely to have an impact on parameters such as 
fecundity and egg viability. 
A common management practice in current crop production systems 
involves the application of insecticides to prevent economic losses from insect 
pests. These compounds have been used extensi ely since the late 1950's to 
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control the larvae of northern and western com rootworms, Diabrotica barberi 
Smith and Lawrence, and D. virgifera virgifera LeConte, respectively. Peak use of 
soil-applied insecticides for management of these pests occurred during the late 
1970's and early 1980's, when 50-60% of the United States' com acreage was 
treated annually (Suguiyama & Carlson 1985). Most frequently, these treatments 
are soil-applied prophylactically at planting time. Insecticides are placed in an 18-
cm swath centered over the row (banded), or directed into the open seed furrow 
(in-furrow) to protect roots from larval feeding damage. Prophylactic planting-
time insecticide treatment is currently the most common com rootworm 
management tactic in continuous ( successive years of same crop) com production 
North America. 
Although many compounds provide "acceptable" root protection from com 
rootworm larval feeding injury, several target individuals typically survive a 
planting-time soil insecticide application. Survivorship is either resultant of no 
contact with the toxicant or exposure to a physiologically sublethal concentration. 
Varied insect responses to sublethal insecticide exposure have been noted with 
respect to compound class, insect species tested, and dosage received. Exposure of 
Aedes sollicitans (Walker) to sublethal DDT concentrations resulted in fewer eggs 
oviposited per female (DeCoursey and Webster 1952). Similarly Georghiou 
(1965) reported marked reductions in fecundity of Musca domestica L. treated 
A 
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topically with sublethal dosages of carbaryl and several other carbamate 
insecticides. Conversely, Esaac et al. (1972) observed increased egg production by 
adult Spodoptera littoralis (Boisduval) surviving sublethal doses of carbaryl and 
methyl parathion as larvae. Additionally, sublethal exposure to dieldrin resulted in 
a 7 .6% increase in Drosophila melanogaster Meigen egg production over that of 
control insects (Knutson 1955). Production of more eggs was attributed, in large 
part, to increased fly longevity following exposure. Additionally, Ball and Su 
(1979) demonstrated increases in female fecundity and extended longevity in D. v. 
virgifera exposed as adults to topically-applied sub lethal dosages of two carbamate 
insecticides ( carbofuran and carbaryl). In addition to carbamates, organophosphate 
insecticides have played a significant role in numerous pest management 
programs. Rosenheim and Hoy (1988) investigated sublethal pesticide effects on 
the parasitoid Aphytis melinus DeBach. They detected no sublethal effects using 
carbaryl, however, each of four organophosphates ( chlorpyrifos, dimethoate, 
malathion, and methidathion) reduced longevity by 73-85% and temporarily 
decreased progeny production rates. Their results also indicated that chlorpyrifos 
exposure prompted a sex ratio shift in A. melinus offspring toward that of more 
males. Numerous naturally-occurring compounds have been found to possess 
insecticidal properties and ha e recei ed a considerable amount of attention as 
possible alternative pest control agents. Fore ample neem seed e tract contains 
-
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azadirachtin ( a terpenoid) which has been found to act as a feeding inhibitor and 
growth regulator in Liriomyza trifolii (Warthen 1979). Parkman and Pienkowski 
( 1990) derived results similar to evaluations of traditional insecticides in that 
reduced female fecundity and male longevity was demonstrated in adult L. trifolii 
that survived neem seed extract treatment as immatures. 
Currently, application rate recommendations appearing on the labels of 
many soil-applied granular com rootworm insecticides ( chlorpyrifos, fonofos, 
phorate, and terbufos) are set at 1.12 kg (AI)/ha. These rates are based on amount 
of active ingredient per unit linear row distance using 102-cm row spacing (i.e., 
amount per unit area increases as row spacing decreases). However, in a 
comprehensive four-year regional (eight-state) rate optimization study, Fuller et al. 
(1996) determined that below-label application rates of several registered 
insecticides were as consistent as full labeled rates in maintaining com rootworm 
damage at subeconomic levels under high rootworm infestation levels. Although 
their study and others have generated an immense amount of information with 
regard to the efficacy of various insecticide classes and application rates for 
managing com rootworm larvae, little is known about the subsequent effects these 
treatments may have on the biology of indi iduals that survive these treatments. 
A 
This experiment was initiated to measure the impact of soil insecticide class and 
application rate on fecundity and egg viability of adult D. barberi and D. v. 





MATERIALS AND METHODS 
Study plots were established in a dryland continuous com field site near 
Aurora (Brookings, Co.), in east central South Dakota, to create insecticide-treated 
soil zones from which surviving adult com rootworm beetles would be captured 
following emergence. Treatments were chosen to reflect currently-labeled (lX) 
and reduced (0.75 and 0.50X) application rates of three insecticides, all being 
compared with an untreated check (UTC). Compounds used in the study included 
the following: 1) terbufos (Counter 15G; American Cyanamid Company, Wayne, NJ), 
a traditional organophosphate at 0.56, 0.84, and 1.12 kg; 2) chlorethoxyfos (Fortress 
5G; E. I. DuPont De Nemours & Co., Inc., Wilmington, DE), a phosphorous triester 
organophosphate at 0.14, 0.22, and 0.28 kg; and 3) tefluthrin (Force 1.5G; Zeneca 
Agricultural Products, Wilmington, DE), a pyrethroid insecticide applied at 0.056, 
0.084, and 0.112 kg (AI)/ha. 
Experimental design was a randomized complete block replicated four 
times. Individual treatment plots consisted of three 15.2 m long rows spaced 96.5 
cm apart. Application rates were regulated using ground-dri en oble metering 
units mounted on a modified four-row Kinze corn planter. Output of each unit was 
calibrated on the planter prior to applications. All insecticide treatments were 




seed furrow). Pioneer IR-3751 (100-day) corn seed was planted at a rate of 57,500 
kernels per hectare to establish a typical Midwestern com field plant density. 
Prior to rootworm adult eclosion, two 0.6 m wide by 1.0 m long by 15.2 cm 
high cages, modified from those used by Fisher (1980), were placed ( equidistant 
from each other and the end of the plot) over the center row of each three-row 
treatment plot to capture emerging beetles. The exterior rectangular frame base of 
each cage was constructed of26-gauge galvanized steel with the top being made of 
aluminum screening material ( 45-mesh per cm2). Screens were supported by 
galvanized steel strips that terminated at a central point (approximately 20.3 cm) 
above the frame to form a screened pyramid. All inside screen margins and seams 
were sealed with silicone rubber caulking material to prevent beetle escape. The 
pyramidal shape of cage tops was designed to exploit the natural negatively 
geotactic response ( crawling upward) of newly-emerged beetles. A plastic 
cylindrical capture device was positioned at the apex of each screened pyramid to 
catch beetles as they crawl upward on the screened cage top and an inverted 
aluminum screen cone was fastened on the bottom side of each capture device to 
prevent beetles from returning into the cage. Cages were monitored at 2-d 
intervals ( to minimize heat stress on beetles located in capture de ices) throughout 
the corn rootworm emergence period. Monitoring procedures consisted of 
aspirating all beetles from the capture de ices in each treatment plot using methods 
stll 
described by Jackson (1986), identifying them by sex and species, and returning 
them to the laboratory for fecundity assessments and egg viability screening. 
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Field-collected beetles were segregated according to species and treatment, 
and placed into rearing cages inside a ventilated Conviron® environmental 
chamber. The chamber was maintained at 25°C, 50% RH, and a photoperiod of 
12:12 (L:D) has suggested by Jackson (1986). Rearing cages (30 by 30 by 30 cm) 
were framed using 2.54-cm2 pine stock and covered with 20-mesh fiberglass 
screen. A flannel sleeve ( 40.6 cm long, 13 cm diameter) was fitted to one side of 
each cage to serve as an access opening for feeding, removal of dead insects, and 
for transfer of gravid individuals to oviposition chambers. Wooden molding strips 
(1.9 cm wide by 0.3 cm thick) were placed along the frame over screen material to 
prevent beetles from crawling between the frame and screen. 
Beetles were maintained throughout the duration of captivity on a natural 
diet consisting of fresh, immature com kernels and silks. Ears for feeding were 
collected from adjacent untreated plots of com with varying phenologies to 
provide a long-term food supply for captured beetles. Commercially-grown, 
unhusked sweetcorn was procured from nearby supermarket produce departments 
when 'food plot com had dried. All commercially-obtained com ears were 
thorough! cleaned before use. Preparation of ears for feeding ( carried out 
immediately prior to each feeding) in ol ed fir t remo al of the outer la er of 
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husks and emerged silks. Exposed inner husks were then clipped back (ca. 4.4 cm) 
to expose fresh silks. Beetles were provided with fresh corn ears (1 per cage) 3 
times weekly, and old ears were discarded at each feeding. Captured adults were 
allowed to mate inside rearing cages for a period of approximately 2 wk. 
Gravid females were removed from cages at 2-wk intervals (lots) and 
placed individually into transparent oviposition chambers. Lots served as 
replicates for this portion of the study to remove variation in insect fitness 
associated with beetle age, date captured within season, seasonal changes in food 
quality, etc. Two-piece, snap-together polystyrene containers (inside dimensions: 
3 .02 long by 2.54 wide by 7 .06 cm high) were used as oviposition chambers. An 
access hole (1.90 cm diameter) was cut on one side and a ventilation hole (1.90 cm 
diameter) was placed on the other side of each container. The access hole of each 
container was closed off using a no. 8 cork stopper, and the ventilation hole was 
covered with 40-mesh fiberglass screen material. A small triangular notch was cut 
into the bottom of each chamber along the margin between the two container 
pieces to allow moisture to enter the soil-filled container through wick action. 
,,,.. 
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The oviposition medium in chambers consisted of a 1.9-cm layer of fine (80-mesh) 
soil covered by a 0.76-cm layer of coarse (0.63 cm aggregate particle size) soil. 
Gravid females were maintained on a diet consisting of fresh com silks and 
immature ears. Nutriment was administered by attaching diet materials to the 
narrow end of the access hole cork stopper. First, a cross-sectional slice ( < 1.90 
cm diameter by 0.64 cm long) of immature com ear was pinned to the stopper 
using a stainless steel ball-headed stick pin (size 20; 3.17 cm long). Then, 10 fresh 
corn silk strands ( ~ 5 cm long) were draped over the "spike" portion of a standard 
nickel thumb tack and fastened to the immature com ear slice by driving the tack 
through its core. Isolated females were allowed to oviposit in the chambers and 
were provided fresh food material ( same sources as described for that placed in 
rearing cages) 3 times weekly until they expired. 
Fallowing oviposition and eventual death of all females, each oviposition 
chamber and its associated soil ( oviposition substrate) was placed into cold storage 
(10 ± 2°c) for a minimum of 150 d to ensure termination of egg diapause (as 
suggested by Fisher et al. 1994 ). After the chilling period, eggs were separated 
from soil using an apparatus and methods developed by Shaw et al. (1976). Upon 
removal of soil, procedures described by Fisher et al. ( 1994) were used to reco er 
all eggs from remaining sand grains and organic debris and examine them ia 
microscope for quality (i.e. healthy cream-colored and robust· or unhealthy, 
= 
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brown-colored, misshapen, empty, or moldy). Egg quality (viability) and quantity 
(fecundity) data were recorded for all females placed into oviposition chambers. 
A subsample of s 25 eggs (i.e., all eggs from females that produced< 25, 
and 25 eggs from those that laid ~ 25) were retained from each oviposition 
chamber to perform viability assessments. Eggs were placed ("plated" [Fisher et 
al. 1994]) on the surface of moistened 80-mesh particle size (sieved) soil in square 
(5 by 5 by 2.5 cm) transparent plastic dishes, which were sealed using parafilm, 
and covered with fitted plastic lids. Egg dishes were then placed in a growth 
chamber for incubation and held at 25 ± 0.5 °C. Dishes were examined for hatch 3 
d per week until all plated eggs were accounted for with the number of hatched 
and dead eggs being recorded at each examination. Cumulative hatch from each 
sample of plated eggs was recorded as percent hatch for that individual clutch of 
eggs. These data were then used to calculate: 
Hatch= (plated eggs that hatched/ total plated eggs) * total eggs laid 
The resulting variable ' Hatch" reflected the predicted total number of eggs that 
would have hatched from an individual clutch of eggs, had they had all been 
plated. Total numbers of eggs per female, percent nonviable eggs, and' Hatch' 
were used as dependent variables and analyzed using the SAS General Linear 
Models procedure (SAS Institute 1994 ). Treatment (rates within insecticide) 
effects were tested using contrasts (Steele and Torrie 1980) which consisted of the 
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following: I) all rates of insecticide versus the untreated check; 2) 0.5X versus the 




Fecundity and fertility assessments of D. barberi and D. v. virgifera that 
survived planting-time applications ofterbufos are presented in Table 1. Although 
not significant, terbufos applications affected a 67% increase in the mean number 
of eggs recovered per D. barberi female in comparison to untreated control plots 
(P = 0.0911). Additionally, D. barberi hatch was increased by 73% in females that 
survived terbufos treatment when compared with those that emerged from 
untreated com, although this trend was also nonsignificant (P = 0.0779). 
Terbufos treatment also failed to produce significant (P > 0.05) effects on 
the reproductive capacity of surviving female D. v. virgifera. In the comparison of 
0.75X versus IX field applications of this insecticide, numerically (P = 0.0861) 
higher numbers of eggs were obtained from females that emerged from plots 
treated with the 0.75X rate. A similar response was noted with respect to the 
hatch" variable in comparing these two rates. 
~ 
Table 1. Fecundity and fertility of D. barberi and D. v. virgifera surviving labeled and reduced application 





eggs I female 
Nonviable eggs(%) 
!latch 
D. v. virgi1era 
Mean no. 
eggs I female 
Nonviable eggs (%) 
Hatch 
All 
rates vs. UTC p 
239.9 143.4 0.0779 
6.2 11.6 0.1420 
209.0 121.1 0.0911 
630.7 647.4 0.6785 
8.1 7.4 0.7937 
506.7 497.9 0.9112 
Contrasts of means 
0.5X vs. IX p 0.75X vs. IX p 
234.3 293.8 0.1534 188.9 293.8 0.4787 
3.4 7.8 0.9401 7.7 7.8 0.3083 
196.9 249.6 0.2502 170.2 249.6 0.6623 
540.9 639.9 0.6169 707.9 639.9 0.0861 
10.9 7.8 0.6577 5.6 7.8 0.2234 





Analyses for effect of tefluthrin insecticide on D. barberi fecundity 
consistently resulted in no significant differences (P > 0.05), irrespective of rate 
comparison being tested (Table 2). Mean percent nonviable eggs per D. barberi 
female significantly (P ~ 0.0389) decreased with increasing tefluthrin application 
rate. This interaction held true for both 0.5X and 0.75X versus IX contrasts. 
Comparison of D. v. virgifera fecundity as affected by tefluthrin insecticide 
revealed a reduction in the number of eggs per female, however this difference 
was not significant (P = 0.0991). The contrast of female survivors from 0.5X- and 
IX-treated com caused a significant (P = 0.0323) reduction in eggs produced per 
beetle from that observed with the latter treatment. Hatch was also significantly (P 
= 0.0259) reduced by the IX application rate in this comparison. Although 
fecundity and hatch assessments failed to show any differences (P ~ 0.4692) in the 
0.75X versus IX contrast, the former treatment resulted in a significantly (P = 
0.0073) higher percentage of nonviable eggs per female. 
Table 2. Fecundity and fertility of D. barberi and D. v. virgifera surviving labeled and reduced application 





eggs I female 
Nonviable eggs(%) 
Hatch 
D. v. virgifera 
Mean no. 
eggs I female 
Nonviable eggs (%) 
Hatch 
All 
rates vs. UTC p 
208.1 143.4 0.6943 
6.8 11.6 0.8991 
182.3 121.1 0.7572 
572.6 647.4 0.0991 
9.6 7.4 0.1459 
447.4 497.9 0.1375 
Contrasts of means 
0.5X vs. IX p 0.75X vs. IX p 
187.8 243.2 0.1796 195.7 243.2 0.7952 
5.4 5.1 0.0389 9.7 5.1 0.0253 
161.9 212.3 0.2076 174.7 212.3 0.8660 
651.2 573.2 0.0323 493.2 573.2 0.4692 
7.0 8.4 0.2279 13.2 8.4 0.0073 





Field applications of chlorethoxyfos did not result in significant (P > 0.05) 
impacts on the reproductive biologies of female D. barberi and D. v. virgifera 
(Table 3). Survivors from com plots receiving these treatments failed to even 
show trends toward significance for the variables of mean number eggs per female, 
percent nonviable eggs, or hatch, irrespective of treatment (including the untreated 
control). 
L 
Table 3. Fecundity and fertility of D. barberi and D. v. virgifera surviving labeled and reduced application 





eggs I female 
Nonviable eggs(%) 
Hatch 
D. v. virgifera 
Mean no. 




rates vs. UTC p 
160.3 143.4 0.2373 
11.1 11.6 0.1518 
133.6 121.1 0.2319 
509.3 647.4 0.3293 
12.8 7.4 0.5443 
390.1 497.9 0.4282 
Contrasts of means 
0.5X vs. IX p 0.75X vs. IX p 
131.3 233.8 0.4449 143.9 233.8 0.9063 
8.3 7.6 0.2711 18.0 7.6 0.2650 
111.6 193.0 0.5096 118.5 193.0 0.8181 
633.1 328.1 0.5133 556.2 328.1 0.1499 
6.3 13.3 0.2880 18.8 13.3 0.1889 





This study was designed to determine the impacts of field treatment with 
labeled and reduced rates of soil insecticides on two agriculturally important, 
cohabiting species of Diabrotica. Results of our investigation revealed frequent 
occurrences of numerical increases in fecundity, especially with the 
organophosphate insecticides, terbufos and chlorethoxyfos. Notwithstanding, the 
statistical comparisons of these differences failed to achieve significance, 
irrespective of application rate. Female D. v. virgifera that survived plots treated 
with tefluthrin, a pyrethroid compound, exhibited more substantial responses to 
treatments. Although not significant (P = 0.0991), slight (12%) decline in D. v. 
virgifera fecundity was noted with survivors of this treatment when compared with 
those from untreated field plots. However, potential hatch of total eggs laid by D. 
v. virgifera was significantly greater following 0.5X treatments than with the full 
labeled application rate. 
Using topical application methods, Ball & Su (1979) administered sublethal 
dosages of carbaryl and carbofuran to adult D. v. virgifera and reported increases 
in fecundity. However, variation in insect responses between their study and ours 
may have been a result of several factors: 1) stage of insect used· 2) differential 
insecticide chemistry; and/or 3) insecticide dosage. They administered topical 
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applications of carbamate insecticides to adults of one species, D. v. virgifera, 
whereas, our investigation relied on larval exposure to insecticide treatments via 
treatment of their feeding area (com root zones). Additionally, treatments in our 
study reflected the most commonly-used com rootworm insecticide formulation 
(granular), application timing (planting-time), and chemical classes (two 
organophosphate chemistries and one pyrethroid compound). Moreover, larvae in 
this experiment may have been exposed to less physiologically-antagonistic 
dosages, or may not have encountered insecticide material at all while foraging 
through the treated soil profile. Nonetheless, our experiment established 
conditions that larvae are most likely to experience in current continuous com 
production systems. 
Sutter et al. (1991) observed increased fecundity of D. v. virgifera in 
artificially-infested com plots treated with various insecticides, including 
representatives of the carbamates and organophosphates. They conjectured that 
the increases imposed by these compounds may have been a product of increased 
vigor of surviving individuals. Their study did not include a pyrethroid (the only 
insecticide class showing effects on fecundity in our e aluations ), however, their 
results were somewhat similar to ours in that, survivors of terbufos-treated soil 
were no more fecund than D. v. virgifera than those from control plots. 
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This experiment demonstrates that field applications of terbufos and 
chlorethoxyfos infrequently result in marked impacts on the reproductive biology 
of surviving D. barberi and D. v. virgifera. Additionally, only slight effects were 
manifested with survivors of field treatment with the pyrethroid, tefluthrin. This 
suggests that chemical properties of insecticides may have differing effects on the 
physiology of exposed females. Additionally, these effects appear to be nearly as 
significant as field application rate. Use of reduced application rates to manage 
these pests, especially organophosphates, does not result in a substantial advantage 
or disadvantage to surviving populations. Therefore, the lowest efficacious rates 
of these insecticides should be considered for implementation into current com 
rootworm pest management systems. 
---
CHAPTER 4. 
LABORATORY AND FIELD RESEARCH 
SUMMARY AND CONCLUSIONS 
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Applications of organophosphate and pyrethroid insecticides at labeled 
treatment rates often resulted in favorable levels of root protection. However, 
substantial reductions in efficacy of chlorethoxyfos were observed during 1993. 
Extremely wet soil moisture conditions that prevailed during that year most likely 
played a significant role in affecting the persistence of that insecticide, as 
suggested by Landsman ( 1991 ), who noted considerable volatilization of this 
insecticide with increasing amounts of moisture in the soil profile. During the 
more normal 1994 growing season, our evaluations of root injury in 
chlorethoxyfos-treated plots showed excellent levels of rootworm control. 
Additionally, the insecticides used in this investigation did not produce significant 
rate responses associated with efficacy. Thus, the reduced rates of compounds 
used in this study work statistically as well as full labeled rates in protecting com 
roots from larval com rootworm feeding injury. 
During the more typical 1994 season, insecticides used in this project 
resulted in significant le els of emergence suppression when compared with plots 
receiving no treatment. These results differ considerably from those of Gray et al. 
---
78 
(1992), who reported higher numbers of emerging D. v. virgifera from insecticide-
treated plots than that from untreated controls. Our investigation did, however, 
reveal reductions in surviving female D. barberi following applications of terbufos 
and tetluthrin. Although additional trends were observed with respect to 
application rate, this factor did not play a major role in survival of either sex or 
species. 
The most notable results of our investigation on com rootworm survival 
were the effects of insecticides on temporal emergence patterns. In general, 
applications of terbufos, tetluthrin, and chlorethoxyfos resulted in more gradual 
rates of female D. barberi emergence per unit of time in comparison to that in 
untreated check plots. Terbufos also affected a slower rate of female D. v. 
virgifera emergence. Additionally, the IX application ofterbufos caused a delay 
in the end of female emergence in both species, and the same effect was observed 
in male D. barberi. As noted with root protection and cumulative emergence, rates 
were not a critical factor in affecting these parameters. Overall females were 
affected more than males, D. barberi more than D. v. virgifera, and terbufos and 
tetluthrin were the most influential insecticides used in these evaluations. 
Possibly the most applicable effect imposed by these compounds was the 
lag in onset of female emergence. This phenomenon could pro e useful in future 
com rootworm pest management programs. ubstantial changes in survi al of one 
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sex over another would likely affect the resulting precision of adult sampling 
techniques, which typically rely on total beetle counts, irrespective of gender 
(Tollefson 1986). In areas of extensive use of these soil insecticides, dynamic 
thresholds that account for variable gender-related emergence would be useful for 
predicting subsequent larval infestations. 
This project also evaluated the effects of labeled and reduced soil 
insecticide application rates on the fecundity and fertility of surviving D. barberi 
and D. v. virgifera females. Individuals that emerged from plots treated with lX 
rates of the organophosphates, terbufos and chlorethoxyfos, often exhibited 
numerical increases in fecundity over that of females from untreated plots. 
Statistical comparisons, however, failed to show significance in these increases. 
Female D. v. virgifera experienced slight declines in fecundity following IX 
applications of tefluthrin, although these differences were not significant. 
Potential total egg hatch with this species, however, was significantly greater with 
reduced applications than with the full labeled rate of tefluthrin. 
Reduced applications of these insecticides resulted in only slight effects on 
the reproductive biology of surviving D. barberi or D. v. virgifera. Differences 
that were revealed may have been a product of differential insecticide chemistry 
since the pyrethroid compound resulted in more substantial differences than the 
two organophosphates. Albeit the use of reduced application rates to manage 
these important corn pests does not apparently result in reduced efficacy or 
increased survivorship (neither sex- nor species-specific). 
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The use of reduced rates does pose some risk in reduced efficacy, especially 
at the 0.50X level. Grower discretion in applying these compounds under 
favorable environmental conditions (i.e., low winds, little immediate chance of 
significant rainfall event, etc.) will be important. In addition, accurate calibration 
and regular maintenance of application equipment are vital components in carrying 
out a successful insecticide application. 
Further laboratory evaluations may be necessary to determine the effects of 
differential insecticide chemistries on the reproductive biology of these insects. 
Additional work should focus on the physiological bases that elicit the variable 





DAILY TEMPERATURE AND 
PRECIPITATION RECORD: SINAI, SD, 1993 
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Table 1. Daily temperature and precipitation record for study of D. barberi 
and D. v. virgifera emergence from insecticide-treated plots, April, May, and June, 
Sinai, SD, 1993. 
April May June 
Precip. Temp. (°F) Precip. Temp. (°F) Precip. Temp. (°F) 
Day (inches) Min Max (inches) Min Max (inches) Min Max 
1 T 22 34 0.89 40 46 0.02 35 63 
2 0 19 34 0.08 38 45 0.76 44 50 
3 0 21 38 T 31 58 0 40 61 
4 0 23 45 0 31 63 0 49 61 
5 0 23 47 0 42 71 0 40 65 
6 T 29 49 0 53 73 0 55 69 
7 0.62 29 49 0.78 53 76 0.21 55 75 
8 0.42 33 37 0.90 55 72 0.53 56 72 
9 T 31 45 0.43 52 72 0.24 54 64 
10 0.01 30 50 0 50 59 T 48 71 
11 0.40 33 40 0 48 62 0 55 82 
12 0 35 41 0 47 73 0 62 84 
13 0 34 43 0 40 77 0.48 62 80 
14 0.24 32 41 0 51 73 0 53 74 
15 0.06 32 38 0 39 72 0 42 63 
16 T 29 49 0 40 59 0.82 50 73 
17 0 30 57 0.08 49 65 2.93 56 79 
18 0 34 62 0.17 37 64 T 54 61 
19 0.05 35 61 0 41 55 1.06 54 59 
20 0 29 45 0 31 54 0.13 50 60 
21 0 28 52 0 34 60 0 55 76 
22 0 31 56 0 48 69 0 63 83 
23 0 39 65 0.02 58 76 0.57 61 85 
24 0.06 44 67 0.37 48 60 0.61 53 81 
25 T 30 62 T 38 57 0 52 72 
26 0 27 51 0 42 69 0 59 72 
27 0.10 36 60 0.57 49 75 0 50 76 
28 0 32 66 0 46 73 0.02 52 77 
29 0 34 67 0 46 62 0 52 72 
30 0 30 57 0.03 50 56 0.31 59 67 
31 0 39 58 
Totals 1.96 4.32 8.69 
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Table 2. Daily temperature and precipitation record for study of D. barberi 
and D. v. virgifera emergence from insecticide-treated plots, July, August, and 
September, Sinai, SD, 1993. 
July August September 
Precip. Temp. (°F) Precip. Temp. (°F) Precip. Temp. (°F) 
Day (inches) Min Max (inches) Min Max (inches) Min Max 
1 T 59 74 0 58 81 0 44 69 
2 0.04 57 74 0 55 75 0 53 74 
3 1.48 64 80 0.07 53 74 0 45 70 
4 0.84 63 85 T 47 74 0 49 70 
5 T 60 76 0 46 70 T 43 70 
6 0 57 74 T 47 73 0 45 63 
7 0.04 57 74 0 51 72 0.07 43 67 
8 0.21 57 70 0.04 58 75 0 40 69 
9 0.08 58 74 0 65 81 0 44 74 
10 0.01 56 77 0 61 90 0 43 68 
11 0.02 55 81 0 63 88 0 46 65 
12 0 49 71 0 64 82 0 55 78 
13 T 55 69 0 55 73 0.24 48 80 
14 T 57 73 1.18 58 77 0.13 38 48 
15 0 57 71 0.29 63 82 0 28 52 
16 0 63 78 T 66 82 0 31 61 
17 1.02 64 81 0 62 80 0 42 66 
18 0 62 81 0.17 62 82 0.15 39 52 
19 0.07 59 80 T 60 77 T 44 63 
20 0 57 71 0 53 81 1.41 52 57 
21 0 55 75 0 57 75 T 49 55 
22 0 60 77 0.19 57 78 0.11 49 68 
23 0.11 62 67 0.11 62 81 0 33 58 
24 0.01 62 76 0 57 79 0 35 59 
25 0.56 64 81 0 61 87 0 38 66 
26 0 58 75 0 68 88 0.01 39 71 
27 0.04 66 83 0.19 56 85 0 29 49 
28 0 60 79 0 51 73 0 36 66 
29 0 53 76 0 57 72 0 32 55 
30 0 62 81 0.03 56 77 0 40 57 
31 0.65 63 89 0 44 77 
Totals 5.18 2.27 2.12 
APPENDIXB. 
DAILY TEMPERATURE AND 
PRECIPITATION RECORD: AURORA, SD, 1994. 
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Table 1. Daily temperature and precipitation record for study of D. barberi 
and D. v. virgifera emergence from insecticide-treated plots, April, May, and June, 
Aurora, SD, 1994. 
April May June 
Precip. Temp. (°F) Precip. Temp. (°F) Precip. Temp. (°F) 
Day (inches) Min Max (inches) Min Max (inches) Min Max 
1 0 25 57 0 27 47 0 46 74 
2 0 26 66 0.05 37 51 0.04 51 66 
3 0 23 37 T 37 58 0 47 71 
4 0 26 58 T 44 59 0 55 77 
5 0.23 14 34 T 38 63 1.68 59 79 
6 0 14 36 0.14 33 46 0 56 81 
7 0 23 43 0.12 36 47 0.84 61 83 
8 0.02 33 54 0 41 57 T 52 67 
9 0 32 59 0 36 69 0.27 52 64 
10 0 24 52 0 37 69 0 53 72 
11 0 26 53 0 45 83 0.10 53 73 
12 0 34 54 0 38 75 0 53 75 
13 0.02 24 46 0 47 72 0.26 51 80 
14 0 30 66 0.17 55 80 0 58 80 
15 1.16 35 62 0.05 48 70 0.66 61 91 
16 0 34 52 0 48 72 0.02 57 70 
17 0 36 62 0 57 81 0.02 56 70 
18 0 43 73 0 57 82 4.01 59 71 
19 0 35 82 0 56 84 0 62 72 
20 0.01 34 60 0 55 84 T 68 86 
21 0.13 38 50 0 59 82 0.04 56 80 
22 0 30 56 0.13 48 76 0 56 82 
23 0 37 68 0.04 59 83 2.25 59 70 
24 0 51 79 0.51 55 86 0 57 79 
25 T 48 73 0.24 49 73 0 60 81 
26 0.86 39 50 0.07 42 65 0.02 55 81 
27 0.17 31 45 0 42 68 0 59 73 
28 0.08 31 40 0 52 77 0 59 79 
29 0.31 27 31 0 53 85 0 58 78 
30 0 27 45 0 59 80 0 53 77 
31 0 46 82 
Totals 2.99 1.52 10.21 
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Table 2. Daily temperature and precipitation record for study of D. barberi 
and D. v. virgifera emergence from insecticide-treated plots, July, August, and 
September, Aurora, SD, 1994. 
July August September 
Precip. Temp. (°F) Precip. Temp. (°F) Precip. Temp. (°F) 
Day (inches) Min Max (inches) Min Max (inches) Min Max 
1 0 53 86 0 57 83 T 44 63 
2 0.03 47 73 0 59 81 0.83 48 54 
3 0 56 75 T 64 81 0.50 49 59 
4 0.02 63 70 0 59 85 0.67 59 70 
5 T 65 85 0 41 69 0.01 54 70 
6 0 66 88 0.03 52 71 0 46 70 
7 1.43 62 83 T 58 79 0 49 75 
8 0.03 52 70 0 51 86 0 51 80 
9 0.21 51 61 0.35 51 68 0 54 81 
10 0 53 73 2.90 53 63 0 58 85 
11 0.03 58 79 T 57 65 0 63 82 
12 0 53 81 T 61 69 0.01 64 82 
13 0 59 79 0.01 62 73 0.02 65 81 
14 0.13 54 75 0 42 67 0 64 81 
15 0 53 76 0 44 70 0.03 61 85 
16 0 55 75 0 52 75 0 54 76 
17 0 54 79 0.01 58 79 0 42 67 
18 0 58 81 0.03 59 77 0 42 75 
19 0.13 64 85 0.07 60 80 0 45 77 
20 0.07 59 79 0.01 52 70 0 53 82 
21 T 62 80 0 47 73 0.10 48 81 
22 T 57 72 0 55 75 0.57 45 67 
23 0 55 78 0 64 79 0 42 55 
24 0 49 80 0 52 83 0 46 68 
25 0 50 80 0 52 87 0 46 66 
26 0 49 72 0 60 83 0.01 34 68 
27 0 50 74 0.04 64 75 0 34 59 
28 0 47 73 0 48 86 0 37 64 
29 0 47 76 0.05 50 70 0 39 69 
30 0 58 79 0.05 55 74 0 39 74 
31 0 62 84 0.02 44 69 
Totals 2.08 3.57 2.75 
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